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1
INKJET PRINTER

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Japanese

Patent Application No. 2017-082147 filed on Apr. 18, 2017.
The entire contents of this application are hereby incorpo-

rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an inkjet printer.

2. Description of the Related Art

Conventionally, an mkjet printer for large format printing,
that includes a plurality of recording heads arrayed 1n a
direction perpendicular to a scanning direction of a head unit
1s known. The inkjet printer having such a structure per-
forms printing on a large area of a recording medium within
a short time. Japanese Laid-Open Patent Publication No.
2013-67031 discloses an inkjet recording device including
nine head units corresponding to nine colors of 1k arrayed
in the scanning direction. The nine head units each include
nine recording heads arrayed in a feeding direction perpen-
dicular to the scanning direction.

Some of recording mediums such as cloth, paper and the
like are not white. In the case 1n which process color 1nk 1s
directly ejected onto such a non-white recording medium,
the real color of the 1nk may not be provided. According to
a technique for addressing this situation, a recording head
ejecting white ink 1s added to the printer ejecting nine colors
of 1nk as described 1n Japanese Laid-Open Patent Publica-
tion No. 2013-67031, so that the printer provides 10 colors
of ink. With this technique, first, the white 1nk 1s used to
form a white underlying color layer on a surface of the
recording medium. After the white 1ink layer 1s formed on the
recording medium, an 1mage layer of process color 1k 1s
formed on the white 1nk layer. In this manner, a color close
to the real color of the ink 1s printed even on a recording
medium that 1s not white.

Usually, the above-described technique provides a suili-
ciently high level of image quality even on a recording
medium that 1s not white. However, a still higher level of
image quality may be desired for some uses of the printed
item. In the field of, for example, outdoor advertisements or
the like, there 1s a need for an 1image that provides a strong,
impression of having depth or massiveness in order to attract
more attention. The human sense of vision perceives depth
or thickness even on a two-dimensional 1mage. However,
often, the conventional printing method does not allow the
human sense of vision to sufliciently exert this ability.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
inkjet printers that print images that appear to have depth or
massiveness.

An 1kjet printer according to a preferred embodiment of
the present invention includes a first ink head including a
plurality of nozzles through which a first ink i1s ejected
towards a recording medium to form ink dots of the first ink
on the recording medium; a second ink head including a
plurality of nozzles through which a second ink 1s ejected
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2

towards the recording medium to form ink dots of the second
ink on the recording medium; a moving mechanism moving
the first ink head and the second 1nk head, and the recording

medium, with respect to each other; and a controller con-
nected with the first ink head, the second ink head and the

moving mechanism to control the first ink head, the second
ink head and the moving mechanism. The controller
includes a generator, a first printing controller and a second
printing controller. The generator generates, upon receipt of
data on the ink dots of the second ink, a plurality of dot
groups, including at least a first dot group and a second dot
group, ol the mk dots of the second ink. The generator

generates the plurality of dot groups such that the plurality
of dot groups include all of the ik dots of the second 1nk.
The first printing controller forms, on the recording medium,
a first printing layer of the ink dots of the first ink and the
ink dots of the first dot group. The second printing controller
forms a second printing layer of the 1ink dots of the second
dot group, above or below the first printing layer.

According to the inkjet printer described above, the first
ink and a portion of the second ink (first dot group) are
concurrently printed to form the “first printing layer”. Above
or below the “first printing layer”, another portion of the
second 1nk (second dot group) 1s printed to form the “second
printing layer”. The second 1nk 1s printed to form an upper
layer and a lower layer in an overlapping manner as
described above, so that the physical thickness of the layer
of the second ink 1s increased. Thus, an 1mage appearing to
be deeper and more massive than an 1image formed by the
conventional printer 1s able to be provided.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of an inkjet printer according to
preferred embodiment 1 of the present invention.

FIG. 2 1s a schematic view showing a structure of a
bottom surface of a carriage according to preferred embodi-
ment 1 of the present invention.

FIG. 3 1s a block diagram of the printer.

FIG. 4 shows an example of interfaces of a mode selector
and a ratio setter.

FIG. 5 1s a schematic view showing positions at which ink
lands 1n overlapping printing.

FIG. 6 1s a schematic view showing a state at a time point
aiter, by one pass, the time point shown 1 FIG. 5

FIG. 7 shows interfaces according to preferred embodi-
ment 2 of the present invention.

FIG. 8A 1s a vertical cross-sectional view of nozzles from
which process color 1k to form a “first dot group™ 1s ejected.

FIG. 8B i1s a vertical cross-sectional view of nozzles from
which process color ink to form a “second dot group” 1s
ejected.

FIG. 9 shows interfaces according to preferred embodi-
ment 3 of the present invention.

FIG. 10 1s a schematic view showing a structure of a
bottom surface of a carriage different from the carriage in
preferred embodiments 1 through 3 of the present invention.

FIG. 11 1s a schematic view showing positions at which

the ink lands 1n overlapping printing performed by a printer
shown i FIG. 10.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Hereinafter, preferred embodiments of inkjet printers
according to the present mvention will be described with 3
reference to the drawings. The preferred embodiments
described below are not mtended to specifically limit the
present invention. Components and portions that have the
same functions will be denoted by the same reference signs,
and overlapping descriptions will be omitted or simplified. 10
In the following description, a direction from an inkjet
printer towards a user facing a front surface of the inkjet
printer 1s referred to as “forward™, and a direction distanced
from the user 1s referred to as “rearward”. In the drawings,
letter Y refers to a scanming direction, and letter X refers to 15
a Teeding direction perpendicular to the scanning direction.

In the drawings, letters F, Rr, L, R, U and D respectively
refer to “front”, “rear”, “left”, “right”, “up” and “down”.
These directions are also based on the user facing the front
surface of the inkjet printer. It should be noted that these 20
directions are provided merely for the sake of convenience,
and do not limit the manner of installation of the inkjet
printer 1n any way. The expression that one component 1s
“above” (or “below”) another component may refer to a
state 1n which the one component 1s above (or below) the 25
another component while being in direct contact with the
another component, as well as a state 1n which the one
component 1s above (or below) the another component while
having still another component provided between the one
component and the another component. 30

Preterred Embodiment 1

FIG. 1 1s a front view of a large-scale inkjet printer
(heremaftter, referred to a “printer”) 10 according to pre- 35
terred embodiment 1. The printer 10 sequentially moves a
roll of recording medium 5 forward (toward a downstream
side X2 1n the feeding direction X), while ejecting ink from
a first ink head 40 and a plurality of second 1ink heads 350 (see
FIG. 2) mounted on a carriage 25 moving 1n the scanning 40
direction Y, to print an image on the recording medium 5.

The recording medium 5 1s a target on which an 1mage 1s
to be printed. There 1s no specific limitation on the type of
the recording medium 5. The recording medium 5 may be,
for example, paper such as plain paper, printing paper for an 45
inkjet printer, or the like. The recording medium 5 may be
a transparent sheet formed of a resin, glass or other suitable
paper. The recording medium 5 may be a sheet formed of a
metal material, rubber or the like. In the present preferred
embodiment, the recording medium 5 1s preferably a trans- 50
parent sheet.

As shown 1n FIG. 1, the printer 10 includes a printer main
body 10q and legs 11 supporting the printer main body 10a.
The printer main body 10a extends in the scanning direction
Y. The printer main body 10a includes a guide rail 21 and the 55
carriage 25 engaged with the guide rail 21. The guide rail 21
extends 1n the scanning direction Y. The guide rail 21 guides
the carriage 25 such that the carriage 25 moves i the
scanning direction Y. An endless belt 22 1s secured to the
carriage 25. The belt 22 1s wrapped around, and extends 60
between, a pulley 23a provided at a right end of the guide
rail 21 and a pulley 235 provided at a left end of the guide
rail 21. A carriage motor 24 1s attached to the right pulley
23a. The carriage motor 24 1s electrically connected with a
controller 100. The carriage motor 24 1s controlled by the 65
controller 100. When the carriage motor 24 1s driven, the
pulley 23a 1s rotated to run the belt 22. As a result, the

4

carriage 25 moves 1n the scanning direction Y along the
guide rail 21. Along with the movement of the carnage 25
in the scannming direction Y, the first ink head 40 and the
second ink heads 50 also move 1n the scanning direction Y.
In the present preferred embodiment, the belt 22, the pulley
23a, the pulley 2356 and the carnage motor 24 are included
in an example of carriage moving mechanism 20 moving the
carriage 235, and the first ink head 40 and the second 1ink
heads 50 mounted on the carriage 25, in the scanming
direction Y. A platen 12 1s located below the carriage 25. The
platen 12 extends 1n the scanning direction Y. The recording
medium 5 1s to be placed on the platen 12. Pinch rollers 31
pressing the recording medium 5 from above are provided
above the platen 12. The pinch rollers 31 are located to the
rear of the carnage 25. The platen 12 1s provided with grit
rollers 32. The grit rollers 32 are located below the pinch
rollers 31. The grit rollers 32 are located at a position facing
the pinch rollers 31. The grit rollers 32 are coupled with a
feed motor 33 (see FIG. 3). The grit rollers 32 are rotatable
upon receipt of a driving force of the feed motor 33. The
teed motor 33 i1s electrically connected with the controller
100. The feed motor 33 1s controlled by the controller 100.
When the grit rollers 32 are rotated 1n the state 1n which the
recording medium 5 1s held between the pinch rollers 31 and
the grit rollers 32, the recording medium 3 1s fed in the
feeding direction X. In the present preferred embodiment,
the pinch rollers 31, the grit rollers 32 and the feed motor 33
are included 1n an example of feeding mechanism 30 mov-
ing the recording medium 5 1n the feeding direction X. The
feeding mechanism 30 and the carriage moving mechanism
20 are included 1n a moving mechanism moving the record-
ing medium 5 and the carriage 25 with respect to each other.

FIG. 2 1s a schematic view showing a structure of a
surface of the carriage 25 that faces the recording medium
5 (1n the present preferred embodiment, a bottom surface of
the carriage 25). As shown 1n FIG. 2, the carnage 25 holds,
at the bottom surface, the first ink head 40 and the second 1nk
heads 50. The first ink head 40 includes one 1nk head 40W
(the ink head 40W may also be referred to as the “first ink
head 40W”’). The plurality of second ink heads 50 include
ink heads 50C, S0M, 50Y, 50K, 50Lk, 50Lc and 50Lm. As
shown 1n FIG. 2, the first ink head 40W and the second ink
heads S0C through 50Lm are located side by side in the
scanning direction Y.

In the present preferred embodiment, the first ink head 40
ejects special color ink that changes the color tone or the
design of a color image. The special color ink 1s an example
of “first ink”. In this example, the 1nk head 40W 1ncluded 1n
the first ink head 40 preferably ejects white ink. The color
tone of the special color ink 1s not limited to white. The
“special color ink” encompasses ink other than the process
color 1k such as C ink, M 1k, Y ink, K ink or other process
color 1nks, for example, metallic 1nk such as silver ink, gold
ink or other metallic inks, and transparent ik, for example.
In the present preferred embodiment, the first ink head 40
preferably includes one 1k head, for example. The number
of the 1ink head(s) included in the first ink head 40 1s not
limited to one. The number of the 1nk heads included 1n the
first ink head 40 may be two or more. There 1s no limitation
on the color tone of the special color 1nk. The first 1nk head
40 may eject, for example, metallic ink such as silver ink,

gold ik or other metallic inks, or transparent ink.
As shown 1n FIG. 2, the ink head 40W included 1n the first

ink head 40 preferably includes eight sub ink heads 40q
through 40/, for example. The eight sub ink heads 40a
through 40/ each include a plurality of nozzles 41, through

which the ink 1s ejected. The plurality of nozzles 41 are
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arrayed 1n one line 1n the feeding direction X 1n each sub ink
head. The sub ink heads 40a through 40/ mclude the same
number of nozzles 41 with each other. The positional
arrangement of the nozzles 41 1n each sub ik head 1s not
limited to the above-described positional arrangement. The
sub 1nk heads 40a through 40/ do not need to include the
same number of nozzles 41 with each other. In FIG. 2, the
sub 1nk heads 40a through 40/ are each shown as including
two nozzles 41. In actuality, the sub ink heads 40a through
40/ each include a larger number of (e.g., 40) nozzles 41.

There 1s no limitation on the number of the nozzles 41
included in the sub ink heads 40a through 40/%.

In the 1nk head 40W, the eight sub ink heads 40a through
40/ are preferably located 1n a staggered arrangement. More
specifically, the eight sub ink heads 40a through 40/ are
arrayed 1n this order from an upstream side X1 1n the feeding
direction X towards the downstream side X2 and provided
in two lines, namely, a left line and a right line. Among the
cight sub 1nk heads 40a through 40/, the sub ink heads 40aq,
40c, 40¢ and 40g are arrayed in one line 1n the feeding
direction X. To the right of the sub 1nk heads 40a, 40c, 40¢
and 40g, the sub 1nk heads 405, 40d, 40/ and 40/ are arrayed
in one line in the feeding direction X. The sub 1nk heads 40q
through 40/ are located alternately in the left line and the
right line. The sub ik heads 40a through 40/ are located
intermittently as described above, but are continuous 1n the
teeding direction X 1f the left line and the right line are
considered as being combined together. In an actual ink
head, the sub mk heads may be located while overlapping
cach other partially in the feeding direction X such that the
nozzles 41 are located continuously in the feeding direction
X.

The 1nk heads S0C through S0Lm provided as the second
ink heads 50 each eject process color 1nk usable to form a
color image. The process color ik 1s an example of “second
ink™. In the present preferred embodiment, the ink head 50C
ejects cyan ink. The ink head 50M ejects magenta ink. The
ink head 30Y egjects yellow k. The ink head 50K ejects
black ink. The ik head S0Lk ejects gray ink. The ink head
50Lc ejects light cyan ink. The 1ink head 50Lm ejects light

magenta ink. The number of the second ink heads i1s not

limited to seven. There 1s no limitation on the color tone of

the process color 1nk.

As shown 1n FIG. 2, the seven 1nk heads 50C, S0M, 50Y,
50K, S0Lk, S0Lc and 50Km provided as the second ink
heads 50 each include eight sub ink heads 50a through 50/.
The eight sub ink heads 50a through 50/ each include a
plurality of nozzles 51, through which the 1nk 1s ejected. The
plurality of nozzles 51 are arrayed in one line in the feeding

direction X 1n each sub ink head. The nozzles 51 1n the ink
heads 50C, 50M, 50Y, 50K, 50Lk, 50L.c and 50Lm are
arrayed at positions matched, in the feeding direction X, to
the positions of the nozzles 41 1n the ik head 40W. The
number of the nozzles 51 included 1n each of the sub i1nk

heads 50a through 50/ 1s preferably equal or substantially
equal to the number of the nozzles 41 1included 1n each of the
sub 1nk heads 40a through 40/. The positional arrangement
of the nozzles 51 in each sub ink head 1s not limited to the
above-described positional arrangement. The sub 1nk heads
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the same manner as 1n the first the ink head 40W. That 1s, the

sub 1nk heads 50a through 50/ are arrayed 1n this order from
the upstream side X1 toward the downstream side X2 1n the
teeding direction X and are provided in two lines, that 1s, a
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left line and a right line. More specifically, the sub 1nk heads
50a, 50c, 50¢ and 50g are arrayed 1n the leit line, and the sub
ink heads 506, 504, 50/ and 50/ are arrayed in the right line.
In the second ink heads 50 also, the sub ink heads 50a
through 50/ are located continuously 1n the feeding direc-
tion X 1 the left line and the night line are considered as
being combined together.

The 1k head 40W and the ink heads S0C through S0Lm
cach include actuators 45 (see FIG. 3, FIGS. 8A and 8B)
provided therein. In the present preferred embodiment, the
actuators 435 each includes a pressure chamber 4354 and a
piezoelectric element 45b. The 1nk 1s stored 1n the pressure
chamber 45a, and one nozzle 41 1s provided at a bottom
surface of the pressure chamber 45a. The piezoelectric
clement 455 1s provided in contact with the pressure cham-
ber 45a, and 1s displaced to contract the pressure chamber
45a when being driven. The actuators 45 are electrically
connected with the controller 100 (see FI1G. 1). The actuators
45 are controlled by the controller 100. The actuators 45 are
driven, and as a result, the ik i1s ejected towards the
recording medium 5 from the nozzles 41 of the first ink head
40W and the nozzles 51 of the second 1nk heads 50.

The ink head 40W 1ncluded in the first ink head 40 and the
ink heads S0C through 50Lm provided as the second ink
heads 50 are each 1n communication with an ink cartridge
(not shown) via an ink supply path (not shown). The ink
cartridge 1s detachably located at, for example, a right end of
the printer main body 10a. There 1s no limitation on the
matenal of the ink, and any of various materials conven-
tionally used as an 1nk material for an inkjet printer 1s usable.
The mk may preferably be, for example, solvent-based
pigment 1k or aqueous pigment k. Alternatively, the 1nk
may be aqueous dye ink, ultraviolet-curable pigment 1nk
cured upon receipt of ultraviolet rays, or other suitable 1nk.

As shown 1n FIG. 1, the printer 10 includes a heater 35.
The heater 35 1s provided below the platen 12. The heater 35
1s located towards the front of the grit rollers 32. The heater
335 heats the platen 12. The platen 12 1s heated, so that the
recording medium 5 placed on the platen 12 and the ink that
has landed on the recording medium 5 are heated. Thus, the
drying of the ink 1s promoted. The heater 35 1s electrically
connected with the controller 100. The temperature to which
the heater 35 1s heated 1s controlled by the controller 100.

As shown in FIG. 1, an operation panel 110 1s provided at
the right end of the printer main body 10a. The operation
panel 110 includes a display that displays a state of the
printer 10, input keys operable by the user, and other
controls. The controller 100 1s configured and/or pro-
grammed to control various operations of the printer 10 and
1s accommodated in the operation panel 110. FIG. 3 15 a
block diagram of the printer 10 according to the present
preferred embodiment. As shown in FIG. 3, the controller
100 1s communicably connected with, and 1s configured
and/or programmed to control, the feed motor 33, the

carriage motor 24, the heater 35, and the actuators 45
provided 1n the ink head 40W of the first ink head 40 and the

ink heads 50C through 50Lm provided as the second ink
heads 50. The controller 100 1s configured and/or pro-
grammed to imnclude a converter 101, a mode selector 102, a
generator 103, a printing controller 104, and a ratio setter
105. The printing controller 104 includes a first printing
controller 1044, a second printing controller 1045 and a third
printing controller 104c.

There 1s no specific limitation on the structure of the
controller 100. The controller 100 1s preferably, for example,
a microcomputer. There 1s no specific limitation on the
hardware structure of the microcomputer. The microcom-
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puter includes, for example, an interface (I/'F) receiving
printing data or other data from an external device such as
a host computer or other suitable device like, a central
processing unit (CPU) executing a command of a control
program, a ROM (read only memory) having, stored
thereon, the program executable by the CPU, a RAM
(random access memory) usable as a working area 1n which
the program 1s developed, and a storage such as a memory
or other suitable storage, storing the above-described pro-
gram and various types of data. The controller 100 does not
need to be provided inside the printer main body 10a. The
controller 100 may be, for example, a computer that is
located outside of the printer main body 10a and 1s com-
municably connected with the printer main body 10a n a
wired or wireless manner.

The converter 101 converts so-called screen processing.
The screen processing 1s a process of converting each of
image data of special color ik and image data of process
color ik 1nto an 1k dot pattern. A printed image formed by
an inkjet printer 1s a combination of ink dots of various
colors of process color ink. In the case of the printer 10 1n
the present preferred embodiment, the 1image 1s converted
into an ink dot pattern of seven colors including cyan,
magenta, yellow, black, gray, light cyan and light magenta,
tor example. The special color 1nk, which 1s white 1nk only
in the present preferred embodiment, 1s also subjected to
screen processing, namely, 1s converted into an ink dot
pattern. The converter 101 may be included in the printer
main body 10a or may be included 1n an external computer
or the like.

The mode selector 102 15 used to select a printing mode.
In the present preferred embodiment, the printing mode 1s
classified 1nto “normal printing” and “overlapping printing”.
The “overlapping printing” 1s classified mto “first overlap-
ping printing” and “second overlapping printing”. Accord-
ing to the “first overlapping printing”’, an underlying color
layer 1s provided as a lower layer of the special color 1nk,
and an 1mage layer 1s provided as an upper layer of the
process color k. According to the “second overlapping
printing’”’, an 1image layer 1s provided as a lower layer of the
process color 1nk, and an underlying color layer 1s provided
as an upper layer of the special color imnk. The “first over-
lapping printing’” and the “second overlapping printing” will
be described 1n detail below. When the “first overlapping
printing” or the “second overlapping printing” 1s selected,
the mode selector 102 instructs the first printing controller
104a and the second printing controller 1045 to perform the
selected overlapping printing. When the “normal printing”
mode 1s selected, the mode selector 102 instructs the third
printing controller 104¢ to perform the “normal printing”.
The printing mode may be incorporated 1n advance into the
printing data and automatically selected. Alternatively, the
printing mode may be selected appropriately by an operator.

The generator 103 generates a “first dot group” and a
“second dot group” of the ink dots of the process color 1nk
provided by the converter 101. The “first dot group” and the
“second dot group” both include a portion of the ink dots of
the process color ink. The “first dot group™ and the “second
dot group” are generated to match an entirety of the ink dots
of the process color ink when being combined together.
Namely, where the entirety of the ik dots of the process
color 1k 1s 100%, the sum of the “first dot group” and the
“second dot group” 1s 100%. The relationship among the
“first dot group”, the “second dot group™ and the entirety of
the 1k dots of the process color ink will be described in
detail below. A method for generating the “first dot group™
and the “second dot group” will be described 1n detail below.
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The printing controller 104 controls the printing opera-
tion. The printing controller 104 1s connected with the
carriage motor 24, the feed motor 33, and the actuators 45
provided in the first ink head 40W and the second ink heads
50C through S0Lm. The printing controller 104 controls
these components to perform printing. The printing control-
ler 104 controls the temperature of the heater 35 to promote
the drying of the ik after the ejection.

In the printing controller 104, the first printing controller
104a controls a concurrent printing operation of a work of
printing an image ol the “first dot group™ and a work of
printing an underlying color of the special color ink. Here-
inafter, a printing layer provided by the above-described
concurrent printing operation may be referred to as a “first
printing layer”. The “first printing layer” 1s an underlying
color layer including a portion of an image including the
process color ink mixed therein. The first printing controller

104a 1s connected with the carriage motor 24, the feed motor
33, and the actuators 45 provided 1n the first ink head 40W

and the second ink heads S0C through 5S0Lm. The first
printing controller 104a controls these components to form
the “first printing layer”. The first printing controller 104a
controls these components 1n a different manner in accor-
dance with which of the “first overlapping printing” and the
“second overlapping printing” 1s selected by the mode
selector 102. More specifically, when the “first overlapping
printing” 1s selected by the mode selector 102, the first
printing controller 104a controls the components such that
the “first printing layer” 1s provided as the lower layer. By
contrast, when the “second overlapping printing” 1s selected
by the mode selector 102, the first printing controller 104a
controls the components such that the “first printing layer”
1s provided as the upper layer. The details of the control will
be described below.

In the printing controller 104, the second printing con-
troller 1045 controls a printing work of printing an 1mage of
the “second dot group”. Heremnatter, a printing layer pro-
vided by such printing may be referred to as a “second
printing layer”. The “second printing layer” 1s an image
layer. The “second printing layer” 1s provided by the second
printing controller 1045 above or below the “first printing
layer”. When the “first overlapping printing” 1s selected by
the mode selector 102, the “second printing layer” 1s formed
above the “first printing layer”. By contrast, when the
“second overlapping printing” 1s selected by the mode
selector 102, the “second printing layer” 1s provided below
the “first printing layer” before the “first printing layer” 1s
formed. The second printing controller 1045 1s connected
with the carrniage motor 24, the feed motor 33, and the
actuators 45 provided 1n the first ink head 40W and the
second 1k heads 50C through 50Lm. The second printing
controller 1046 controls these components to provide the
“second printing layer”. The details of the control will be
described below.

When the “normal printing” i1s selected by the mode
selector 102, the third printing controller 104¢ controls the
carriage motor 24, the feed motor 33, and the actuators 45
provided 1n the second ink heads 50C through 50Lm to
perform the “normal printing” on the recording medium 5.
A process of the “normal printing” will be described below.

The ratio setter 105 sets the ratio of the “first dot group”™
and the ratio of the “second dot group™ with respect to the
entirety of the ink dots of the process color ink. Heremafter,
the ratio of the “first dot group” with respect to the entirety
of the 1nk dots of the process color ink may be referred to as
a “first printing ratio”, and the ratio of the *“second dot
group”’ with respect to the entirety of the ik dots of the
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process color ink may be referred to as a “second printing
rat10”. The ratio setter 105 supplies the “first printing ratio™
and the “second printing ratio” to the generator 103 as the
conditions under which the “first dot group” and the “second
dot group™ are to be generated. The ratio setter 105 will be
described 1n detail below.

According to the “normal printing”, one layer 1s printed
on the recording medium 5. For the “normal printing”, only
the process color ik 1s used. In the “normal printing”, the
entirety of the ink dots of the process color ink generated by
the converter 101 1s formed on the recording medium 3. The
“normal printing” 1s performed as follows. The third printing
controller 104¢ drives the carriage motor 24 to move the
carriage 235 in the scanning direction Y. The third printing
controller 104¢ drives the actuators 45 to cause the second
ink heads 350 to ¢ject the ink, so that the process color ink
lands on a printing surface of the recording medium 5. In
addition, the third printing controller 104¢ controls the feed
motor 33 such that the recording medium 5 1s sequentially
fed forward (F) (towards the downstream side X2 in the
teeding direction X). The ink on the recording medium 3 fed
by the feed motor 33 1s sequentially heated by the heater 35
and thus 1s dried. The third printing controller 104¢, for
example, moves the carriage 25 1n the scanning direction Y
once or a plurality of times by the time when the recording
medium 3 1s fed forward (F) once.

In the overlapping printing modes including the “first
overlapping printing” mode and the “second overlapping
printing” mode, an underlying color layer and an image
layer are formed 1n an overlapping manner on the recording
medium 3. In the case 1n which the recording medium 3 1s
not white as in the present preferred embodiment (in the
present preferred embodiment, the recording medium 3 1s
preferably transparent), such overlapping printing is often
performed on a recording medium. Often, the process color
ink ejected directly onto a recording medium that 1s not
white does not develop the real color thereof. Therelore,
first, a white 1nk layer 1s printed on the recording medium,
and then, an 1mage 1s printed on the white 1nk layer. In this
manner, a color close to the real color of the ik 1s printed
even on a recording medium that 1s not white. The overlap-
ping printing 1s also performed 1n a case other than the
above-described case. For example, a special color ink layer
ol transparent ink, metallic ink or other suitable ink may be
provided above or below the 1mage, so that a specific visual
cllect 1s provided. In the case i which the recording
medium 3 1s a transparent sheet as in the present preferred
embodiment, the overlapping printing 1s performed primar-
ily to provide the image with an underlying color (in the
present preferred embodiment, preferably white). For a
printed 1tem, a printing surface of which 1s to be viewed, the
special color ink layer 1s preferably provided below the
image. For forming a printed 1tem, a surface opposite to the
printing surface of which 1s to be viewed, the special color
ink layer 1s preferably provided above the image.

For the overlapping printing, there are needs for a higher
image quality. In the field of, for example, outdoor adver-
tisements, there 1s a need for an 1image providing a strong
impression of having depth and/or massiveness 1n order to
attract more attention.

In order to fulfill such a need, the printer 10 in the present
preferred embodiment includes the generator 103, the first
printing controller 104a and the second printing controller
1045, and 1s configured such that a portion of the image 1s
printed as being mixed 1n the underlying color layer. Upon
receipt of data on the 1ink dots of the process color 1k, the
generator 103 generates the “first dot group” and the *““sec-
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ond dot group” of the ink dots of the process color ink. In
this step, the “first dot group” and the “second dot group™ are
generated such that a sum thereof matches the entirety of the
ink dots of the process color 1nk. The first printing controller
104a provides the “first printing layer”, on the recording
medium 5, of the 1nk dots of the special color ink and the 1nk
dots of the “first dot group”. The expression that the “first
printing layer” 1s provided “on” the recording medium 3
does not necessarily indicate that the “first printing layer” 1s
provided 1n contact with the recording medium 3, and
encompasses a case in which another printing layer (e.g.,
“second printing layer”) 1s provided between the “first
printing layer” and the recording medium 3. The second
printing controller 1045 provides the “second printing layer”
of the ik dots of the “second dot group”, above or below the
“first printing layer”. In the case 1n which the “first printing
layer” 1s provided as the lower layer whereas the “second
printing layer” 1s provided as the upper layer, the “first
overlapping printing” has been selected. In the case 1n which
the “second printing layer” 1s provided as the lower layer
whereas the “first printing layer” 1s provided as the upper
layer, the “second overlapping printing” has been selected.

The printer 10 according to the present preferred embodi-
ment prints the underlying color layer having a portion of the
image of the process color ink mixed therein (first printing
layer). In the case 1n which a portion of the image 1s mixed
in the underlying color layer 1n this manner, the thickness of
the 1mage layer 1s physically increased, and thus an 1mage
appearing to be deeper and more massive than an image
formed by overlapping printing performed by the conven-
tional printer 1s able to be provided.

In the case in which the recording medium is transparent,
the 1mage of the printed 1tem provided by the printer 10
according to the present preferred embodiment 1s visually
recognizable also from the side of the underlying color layer.
In the case in which the printing 1s performed on a trans-
parent recording medium with the conventional overlapping
printing, the level of the light blocking property of the
underlying color layer 1s increased 1n order to provide a clear
image. That 1s, the underlying color layer 1s thick or has a
high density. However, 1n the state 1n which the level of the
light blocking property of the underlying color layer 1is
increased, the 1mage 1s not visually recognizable from the
side of the underlying color layer. This may cause a problem
in position alignment in, for example, a bonding process 1n
which a plurality of recording mediums need to be position-
ally aligned. The printer 10 according to the present pre-
terred embodiment 1s able to provide a printed item allowing
the 1mage to be visually recognizable from the side of the
underlying color layer while the level of the light blocking
property of the underlying color layer 1s maintained high.

Hereinatter, a process of generating the “first dot group”
and the “second dot group” and a process of “overlapping
printing” performed by the printer 10 according to the
present preferred embodiment will be described. First, a
process of generating the “first dot group” and the *“second
dot group” of the 1ink dots of the process color 1nk will be
described.

FIG. 4 shows an example of interfaces of the mode
selector 102 and the ratio setter 105. The interfaces of the
mode selector 102 and the ratio setter 105 are displayed on,
for example, a display of a computer. As shown in FIG. 4,
the mterfaces include the check boxes CB usable to select
the printing mode and an mput box Bx to which the “first
printing ratio” may be input. The check boxes CB are the
interfaces by which information may be mput to the mode
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selector 102. The mput box Bx 1s an interface to which
information may be input to the ratio setter 105.

The check boxes CB are such that the printing mode may
be selected from the “normal printing”, the “first overlap-
ping printing” and the “second overlapping printing”. In the
present preferred embodiment, the mode selector 102 selects
the printing mode, the check box CB of which has been
checked from the three printing modes of the “normal
printing”, the “first overlapping printing” and the “second
overlapping printing”. In the example shown 1n FIG. 4, the
selected printing mode 1s the “first overlapping printing™. In
the case 1n which the setting 1s made as shown 1n FIG. 4, the
printer 10 forms the “first printing layer” as the lower layer
and forms the “second printing layer” as the upper laver.

A numerical value may be 1input to the mput box Bx in the
interface shown 1n FIG. 4, to define the “first printing ratio”.
As described above, 1n the printer 10 1n the present preferred
embodiment, the sum of the ratios of the “first dot group”
and the “second dot group” matches 100% of the entirety of
the ink dots of the process color ink. That 1s, where the
entirety of the ink dots of the process color ink 1s 100%, the
“first dot group™ and the “second dot group™ are generated
such that the sum thereof 1s 100%. Therefore, once the ratio
of the “first dot group” with respect to the entirety of the ink
dots of the process color ink 1s mput (1.e., once the first
printing ratio 1s input), the ratio of the “second dot group™
with respect to the entirety of the ink dots of the process
color ik (1.e., “second printing ratio”) 1s automatically
calculated. The expression that the generator 103 in the
present preferred embodiment “generates” the “first dot
group’” and the “second dot group” indicates or substantially
indicates that the entirety of the ink dots of the process color
ink 1s “divided”. In the example shown 1n FIG. 4, “25% 1s
input to the mput box Bx of the ratio setter 1035 as the {first
printing ratio. Therefore, the second printing ratio 1s about
715%, for example. In this manner, in the present preferred
embodiment, the “first dot group” and the *“second dot
group”’ are generated such that the ink dots belonging to
these groups do not overlap each other. Among all the 1k
dots of the process color ink, the ink dots remaining after the
ink dots for the “first dot group” are extracted from the
“second dot group”.

The ratios of the “first dot group” and the “second dot
group may each be set to 0% or 100%, for example. In the
case 1n which the ratio of the “first dot group™ 1s set to 0%
and the ratio of the “second dot group” 1s set to 100%, the
conventional overlapping printing 1s performed. In the case
in which the ratio of the “first dot group™ 1s set to 100% and
the ratio of the “second dot group™ 1s set to 0%, the entire
image 1s printed as the “first printing layer”. According to
the knowledge of the present inventor, 1t 1s preferred that the
first printing ratio 1s about 0.5% to about 30%, for example.

In the present preferred embodiment, the first printing
ratio 1s equal or substantially equal for all the colors of
process color ink. More specifically, 1n the example shown
in FIG. 4, about 25% of all the ink dots of each of cyan ink,
magenta ink, yellow ink, black ink, gray ink, light cyan ink
and light magenta ink 1s used to form the first printing layer,
for example. Theretfore, the image printed concurrently with
the underlying color layer to form the “first printing layer”
has the same color balance as that of the original 1mage.

The ik dots belonging to the “first dot group” are, for
example, randomly extracted from all the ink dots of each
color of process color ink by the generator 103. In the case
in which the first printing ratio i1s about 25% as shown 1n
FIG. 4, the number of 1nk dots corresponding to about 25%
of all the ink dots of each color of process color ink 1is
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extracted randomly, for example. Since the number of the
ink dots included in the image 1s very large, a situation
where the 1nk dots are extracted from a particular region
does not occur easily even though the extraction i1s per-
formed randomly. Therefore, an image that 1s the same as the
original 1mage, except that the printing density 1s low, 1s
extracted. An 1mage generated of the ink dots belonging to
the “first dot group” 1s a “thin” 1mage, the printing density
of which 1s decreased from that of the original image.
After the printing mode and the printing ratio are set as
described above, the overlapping printing 1s performed.
Hereinafter, a printing process according to the printing
conditions shown 1n FIG. 4 will be described. As described

above, the printing mode selected 1n the example shown 1n
FIG. 4 1s the “first overlapping printing”. The printing
conditions shown in FIG. 4 are as follows. For forming the
“first printing layer” as the lower layer, about 25% of the
image and the underlying color ink are concurrently printed,
for example. For forming the “second printing layer” as the
upper layer, the remaining portion of the image, namely,
about 75% of the 1image, 1s printed. FIG. 5 and FIG. 6 are
schematic views showing positions at which the ik lands 1n
the overlapping printing under the above-described condi-
tions. FIG. 5 and FIG. 6 are views of the recording medium
5 as seen from the upper side U. In FIG. § and FIG. 6, the
bottom side corresponds to the front side F of the printer 10,
and the left side corresponds to the left side L of the printer
10. In FIG. 5 and FIG. 6, the recording medium 5 1s fed from
the upstream side X1 toward the downstream side X2 1n the
feeding direction X (from the rear side Rr toward the front
side F). In FIG. 5 and FIG. 6, circles represent the positions
at which the ink has landed. Among the circles, white circles
Sp are positions at which the special color 1nk has landed.
Hatched circles Pc are positions at which the process color
ink has landed. Double circles Ps are positions at which both
of the special color ink and the process color ik have
landed. FIG. 6 shows a state of the same positions as those
in FIG. 5, at a time point after, by one pass, the time point
shown 1n FIG. 5. A left portion of each of FIG. 5 and FIG.
6 shows a state of the recording medium 5 at the corre-
sponding time point (state 1n which all the ink dots formed
until the corresponding time point overlap each other). A
right portion of each of FIG. 5 and FIG. 6 shows only the 1nk
dots formed only by the current pass. In FIG. 5 and FIG. 6,
the 1k dots belonging to the “first dot group” are repre-
sented by P1, and the 1ink dots belonging to the “second dot
group”’ are represented by P2. FIG. 5 and FIG. 6 show the
position of the carriage 235 1n the feeding direction X at the
respective time point.

As shown i1n FIG. §, the white ink 1s ejected from the
nozzles 41 of the sub 1ink heads 40a, 4056, 40¢ and 404 of the
first ink head 40 toward a region E2 of the recording medium
5. Among the sub 1nk heads of the first ink head 40, the sub
ink heads 40a, 405, 40¢ and 40d are located 1in half of the
region of the first ink head 40 on the upstream side X1 1n the
feeding direction X. Concurrently, about 25% of all the

amount of the process color 1nk (first dot group P1) 1s ejected
from the nozzles 51 of the sub ink heads 50a, 505, 50¢ and

50d of the second ink head 50 toward the region E2, for
example. In FIG. 5, such a state 1s shown 1n the form where

two out of eight nozzles 51 eject the process color ink.
Among the sub 1nk heads of the second 1nk head 50, the sub

ink heads 50a, 505, 50¢ and 50d are located 1n half of the
region of the ik head 50 on the upstream side X1 in the
feeding direction X. At the time point shown 1n FIG. 5, the
“first printing layer” has been formed in the region E2.
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A region E1 shown 1n FIG. 5 1s downstream with respect
to the region E2 of the recording medium 5. That 1s, the
region E1 1s advanced by one pass with respect to the region
E2. As shown 1n the right part of FIG. 5, toward the region
E1, about 75% of all the amount of the process color 1nk
(second dot group P2) 1s gjected from the nozzles 51 of the
sub 1k heads 50e, 50f, 50g and 50/ of the second ink head
50. In the nght portion of FIG. 35, such a state 1s shown 1n
the form where six out of the eight nozzles 51 eject the
process color ink. Among the sub 1nk heads of the second 1nk
head 50, the sub 1k heads 50e, 50/, 50g and 50/ are located
in half of the region of the second ink head 50 on the
downstream side X2 in the feeding direction X. In the region
E1 shown 1n FIG. 5, the “second printing layer” has been
formed over the “first printing layer”. After the ¢jection 1s
performed to form the “second printing layer”, all the
positions 1n the region E1 are put into the double circle Ps
state. Thus, the printing on the region E1 is finished.

FIG. 6 shows the state at a time point after, by one pass,
the time point shown 1n FIG. 5. The printing on the region
E1l of the recording medium 5 has been finished, and the
region E1 has been fed on the downstream side X2 1n the
teeding direction X with respect to the ink heads. At the time
point shown 1n FIG. 6, the ejection 1s performed toward the
region E2 1n the same or substantially the same manner as
the ejection performed toward the region E1 at the time point
shown 1n FI1G. 5. That 1s, about 75% of all the amount of the
process color mk (second dot group P2) 1s ejected from the
nozzles 51 of the second 1nk heads 50¢e, 507, 50g and 50/ of
the second ink head 50 toward the region E2. At the time
point shown 1n FIG. 6, the printing on the region E2 has been
finished. At the time point shown in FIG. 6, the ejection 1s
performed toward a region E3, which 1s on the upstream side
X1 1n the feeding direction X with respect to the region E2,
in the same or substantially the same manner as the ejection
performed toward the region E2 at the time point shown in
FIG. 5. That 1s, toward the region E3, the white 1nk 1s ejected
from the nozzles 41 of the sub ink heads 40a, 4054, 40¢ and
40d of the first ink head 40, and 25% of all the amount of
the process color ink (first dot group P1) 1s ejected from the
nozzles 51 of the sub ink heads 50a, 5054, 50¢ and 504 of the
second 1nk head 50. In this manner, the printer 10 according
to the present preferred embodiment continuously forms the
“first printing layer” as the lower layer and the “second
printing layer” as the upper layer.

In the “second overlapping printing”, the upper layer and
the lower layer are opposite to those of the “first overlapping
printing”. In the “second overlapping printing™, first, about
75% of all the amount of the process color 1k (second dot
group P2) is ¢jected from the nozzles 51 of the sub ink heads
50a, 505, 50¢ and 50d of the second 1ink head 50 to form the
“second printing layer”, for example. Then, the “first print-
ing layer” 1s formed on the “second printing layer”. More
specifically, the white ik 1s ¢jected from the nozzles 41 of
the sub 1nk heads 40e, 407, 40¢ and 40/ of the first ink head
40, and about 25% of all the amount of the process color ink
(first dot group P1) 1s gjected from the nozzles 51 of the sub
ink heads 50e, 507, 50¢ and 50/ of the second 1nk head 50,
for example. Thus, the “first printing layer” 1s formed. The
process of the continuous printing 1s the same as 1n the “first
overlapping printing”.

As described above, the printer 10 1n the present preferred
embodiment generates the “first dot group” and the “second
dot group” of the entirety of the ink dots of the process color
ink, and forms the “first printing layer” of the 1k dots of the
“first dot group™ and the ink dots of the special color ink.
The printer 10 1n the present preferred embodiment further
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forms the “second printing layer” of the ink dots of the
“second dot group”, above or below the “first printing
layer”. With the printer 10 1n the present preferred embodi-
ment, the “first printing layer” in which a portion of the
image 1s mixed in the underlying color layer 1s formed, and
the “second printing layer” formed of another portion of the
image 1s provided so as to overlap the “first printing layer”.
In this manner, the printed image appears to be three-
dimensional and massive.

In the present preferred embodiment, the generator 103
generates the “first dot group™ and the “second dot group”
such that the sum of thereof matches the entirety of the ink
dots of the process color ink. Theretore, all the ink dots are
printed on the recording medium 5 1n a finished state.

The controller 100 1n the present preferred embodiment
includes the ratio setter 105 to set the ratios of the “first dot
group”’ and the “second dot group” with respect to the
entirety of the ik dots of the process color ink. The
generator 103 generates the “first dot group” and the ““sec-
ond dot group” such that the ratios thereof with respect to the
entirety of the ink dots of the process color 1ink are the same
as the ratios set by the ratio setter 103. The ratio setter 105
sets the ratios, so that the quality of the resultant printed
image 1s adjustable, and a precise need regarding the image
quality adjustment 1s tulfilled.

The generator 103 in the present preferred embodiment
extracts ik dots belonging to the “first dot group” randomly
from all the 1nk dots of the process color 1nk. Since the 1nk
dots for the “first dot group” are extracted from a large
number of 1k dots, 1t does not occur that many ink dots are
extracted from a particular region. Therelore, an image
provided by the “first dot group” 1s the same or substantially
the same as the original image, except that the printing
density 1s low. Thus, the printer 10 in the present preferred
embodiment 1s able to form an image having the same or
substantially the same color balance as that of the original
image even by the overlapping printing.

The printer 10 in the present preferred embodiment
includes the mode selector 102. The mode selector 102
allows either one of the “first overlapping printing” and the
“second overlapping printing” to be selected as a mode of
overlapping printing. The “first overlapping printing” 1s a
printing mode of forming the “first printing layer” as the
lower layer and forming the “second printing layer” as the
upper layer. The “second overlapping printing™ 1s a printing
mode of forming the “second printing layer” as the lower
layer and forming the “first printing layer” as the upper
layer. Since the mode selector 102 1s included, the printer 10
in the present preferred embodiment 1s usable for either the
“first overlapping printing” or the “second printing layer”.
This 1s especially eflective 1n the case 1n which the recording
medium 1s transparent because such a transparent recording
medium may be used 1n a case 1 which a printing surface
of the printed item 1s to be viewed or 1n a case 1n which a
surface opposite to the printing surface of the printed 1tem 1s
to be viewed.

The mode selector 102 and the ratio setter 105 have the
interfaces as described above. Alternatively, neither the
mode selector 102 nor the ratio setter 105 needs to include
the mterfaces to which the operator inputs information for
settings. For example, the printing data may include the
printing mode and the first and second printing ratios, so that
the printing mode and the printing ratios are automatically
set. The interfaces do not need to be 1n the layout shown 1n
FIG. 4. For example, the interfaces may not include the mnput
boxes Bx to each of which a numerical value 1s may be
input, but may be a tool by which a color developing level
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such as “clear”, “normal” “blurred” or the like may be
selected. In this case, the printing ratios corresponding to
such various levels are preset.

In the above-described preferred embodiment, the ink
dots belonging to the “first dot group™ preferably are
extracted randomly. The extraction method 1s not limited to
this. For example, the 1ink dots for the “first dot group™ may
be extracted by some statistical technique instead of ran-
domly.

Preferred Embodiment 2

In preferred embodiment 2 of the present invention, the
sum of the ink dots belonging to the “first dot group” and the
ink dots belonging to the “second dot group™ may exceed
100% with respect to the entirety of the ink dots of the
process color k. That 1s, the sum of the first printing ratio
and the second printing ratio may exceed 100%. Except for
this point, the printer 10 in preferred embodiment 2 1s the
same as the printer 10 1n preferred embodiment 1. In the
tollowing description of preferred embodiment 2, the com-
ponents same as those of preferred embodiment 1 will bear
the same reference signs, and overlapping descriptions will
be omitted or simplified.

FIG. 7 shows an example of interfaces in the present
preferred embodiment. The mode selector 102 and the ratio
setter 105 have interfaces shown 1in FIG. 7, like 1n the case
of F1G. 4. The ratio setter 105 shown 1n FIG. 7 includes two
boxes, namely, a first box B1 and a second box B2. The ratio
of the “first dot group” with respect to the entirety of the ik
dots of the process color ink (namely, the first printing ratio)
may be input to the first box B1. The ratio of the “second dot
group”’ with respect to the entirety of the ink dots of the
process color ink (namely, the second printing ratio) may be
input to the second box B2. A numerical value may be 1mnput
to each of the first input box B1 and the second input box B2.

In FIG. 7, “23%” 1s mput to the first input box Bl.
“1009%” 1s mput to the second mput box B2. In the example
shown 1 FIG. 7, the printing ratios of the “first dot group”
and the “second dot group” are input such that the sum
thereot 1s about 125%, for example. In the example shown
in FIG. 7, the “first overlapping printing” 1s selected by the
mode selector 102. Namely, according to the printing set-
tings shown 1n FIG. 7, the special color ink and about 25%
of all the amount of the process color 1nk are ejected to form
the “first printing layer” as the lower layer. 100% of all the
amount of the process color ink 1s ejected to form the
“second printing layer” as the upper layer.

As described above, the generator 103 1n the present
preferred embodiment may generate the “first dot group”™
and the “second dot group” such that a portion of, or the
entirety of, the ink dots of the process color ik overlap 1n
the “first dot group” and the “second dot group”. The ratio
setter 105 1s configured and/or programmed to deal with
such a situation. With such a structure, the printer 10 1n the
present preferred embodiment improves the degree of free-
dom 1n adjusting the quality of the printed 1mage. An 1mage
printed with the ink dots exceeding 100% of the ink dots of
the original 1mage 1s expected to be clearer than an 1mage
printed with the 1nk dots of 100%. Especially 1n the case in
which 1t 1s diflicult to provide a desired printing quality with
mere adjustment on the printing ratio of the “first dot group”,
the printer 10 1n the present preferred embodiment 1s eflec-
tive. In the case 1n which the final 1nk amount exceeds 100%
of the 1k dots of the process color 1nk, the range of colors
that may be represented by the same printer by use of the
same types of 1nk (so-called color gamut) 1s expanded.
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In FIG. 7, “100%” 1s input to the second mput box B2.
Alternatively, another numerical value such as, for example,

“90%” may be mput to the second input box B2. In the case
in which the first printing ratio 1s about 25% and the second
printing ratio 1s about 90%, the sum thereot 1s about 115%,
for example. It 1s preferred that the ratio setter 105 1is
configured and/or programmed such that unless the sum of
the first printing ratio and the second printing ratio 1s 100%
or higher, an error alert 1s 1ssued. In the case 1n which, for
example, the first printing ratio of about 25% and the second
printing ratio of about 70% are 1nput, the sum of the printing
ratios 1s about 95%, for example. Since the sum of the
printing ratios 1s lower than 100%, 1t 1s desirable that an
error alert 1s 1ssued. In the present preferred embodiment,
the maximum possible total printing ratio of the first printing
ratio and the second printing ratio 1s 200%, 1n which case,
the first printing ratio 1s 100% and the second printing ratio
1s 100%.

In a modification of preferred embodiment 2, the second
printing ratio may be fixed to “100%. That 1s, the printer 10
may be configured and/or programmed such that the “second
dot group” always matches the entirety of the ink dots of the
process color k. In this modification, the “second printing
layer” 1s formed by the conventional overlapping, whereas
a portion of the 1mage 1s included 1n the “first printing layer”.
In this modification, an 1mage appearing to have thickness
and massiveness 1s able to be provided with a relatively
simple adjustment. In fact, the present mventor has con-
firmed that the above-described overlapping printing pro-
vides an 1mage appearing to be deeper and more massive
than an i1mage provided by the conventional overlapping
printing. Such an 1mage appearing to be deeper and more
massive 1s formed under the condition that, for example, the
first printing ratio 1s about 20% to about 30% (the second
printing ratio 1s fixed to 100%), for example.

Pretferred Embodiment 3

In preferred embodiment 3 of the present mnvention, the
ink dots of “first dot group” and the 1nk dots of the “second
dot group” have an adjustable dot size. Therefore, the dot
s1ze ol the “first dot group™ and the dot size of the “second
dot group” may be different from each other. The controller
100 of the present preferred embodiment includes a first size
controller 106a and a second size controller 1065 (see FIGS.
8A and 8B for both) and also 1includes a first size setter 107a
and a second size setter 10756 (see FIG. 9 for both). Except
for this point, preferred embodiment 3 1s the same as
preferred embodiment 2.

FIGS. 8A and 8B are schematic views of the nozzles 51
of one second ink head 50 and the vicinity thereof. FIG. 8A
1s a vertical cross-sectional view of the nozzles 51, through
which the process color ik to form the “first dot group™ 1s
ejected. FIG. 8B 1s a vertical cross-sectional view of the
nozzles 51, through which the process color ink to form the
“second dot group” 1s ejected. As shown in FIGS. 8A and
8B, the first size controller 106a and the second size
controller 1065 are each connected with the piezoelectric
clements 455 of the actuators 45 provided in each 1nk head.
The control on the dot size by the first size controller 106a
and the second size controller 10656 may be performed on a
nozzle-by-nozzle basis, namely, on a piezoelectric element
45b-by-piezoelectric element 4355 basis. The {first size con-
troller 1064 and the second size controller 1065 each control
the driving of the corresponding piezoelectric elements 4356
to control the dot size of the ik to be gjected from the
nozzles of the corresponding ink head. The first size con-
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troller 1064 controls the dot size of the “first dot group™. The
second size controller 10656 controls the dot size of the
“second dot group”. In accordance with whether the printing
mode 1s the “first overlapping printing” or the “second
overlapping printing”, different piezoelectric elements 4556
are controlled by the first s1ze controller 1064 and the second
s1ze controller 1065. In each of the “first overlapping print-
ing” and the “second overlapping printing”, the nozzles 51
ejecting the process color ik to form the “first dot group”™
and the nozzles 51 ejecting the process color ik to form the
“second dot group” are the same as described 1n preferred
embodiment 1.

The first size setter 107a 1s usable to set the dot size of the
process color ink to form the “first dot group™. The first size
controller 106a adjusts the dot size of the process color ink
to form the “first dot group™ to the dot size set by the first
s1ize setter 107qa. Similarly, the second size setter 1075 1s
usable to set the dot size of the process color ink to form the
“second dot group”. The second size controller 1065 adjusts
the dot size of the process color 1k to form the “second dot
group”’ to the dot size set by the second size setter 1075.

FI1G. 9 shows 1nterfaces according to the present preferred
embodiment. As shown 1n FIG. 9, the first size setter 107a
and the second size setter 107a each display a first menu M1
and a second menu M2 on an interface screen. The first
menu M1 1s usable to select the dot size of the ink to form
the “first dot group™ (i.e., first dot size). The second menu
M2 1s usable to select the dot size of the ink to form the
“second dot group” (1.e., second dot size). In the present
preferred embodiment, the dot size may be selected from
three sizes of S, M and L. In the example shown 1 FIG. 9,
the S size 1s selected as the dot size of the ink to form the
“first dot group”, and the L size 1s selected as the dot size of
the 1k to form the “second dot group™.

In many cases, image data includes size data on the three

ink dot sizes of S, M and L beforehand. In the size data, the
S-s1zed 1nk dots, the M-si1zed 1nk dots and the [.-s1ze ink dots
are 1ncluded 1n a mixed state. Thus, the first size setter 107a
and the second size setter 1075 change the size data included
in the 1image data to change the dot size of the ink to form
the “first dot group” and the “second dot group”.

The first size controller 1064, the second controller 1065
and the actuators 45 1n the present preferred embodiment
may adjust the dot size of the 1nk to be ejected to any of the
three dot sizes of S, M and L. Among the three sizes, the S
s1ze 1s a basic size. An ik dot having the S size has the
smallest volume. An ink dot having the M size has the next
smallest volume. The volume of the ink dot having the M
s1ze 1s, Tor example, twice the volume of the 1nk dot having
the S size. An ink dot having the L size has the largest
volume. The volume of the ink dot having the L size 1s, for
example, three times the volume of the 1nk dot having the S
s1ze. In the present preferred embodiment, there are three dot
s1zes. There may be four or more dot sizes, or there may be
two dot sizes. It 1s not necessary that the volume of one size
1s twice or three times the volume of another size.

FIG. 8A shows a state 1n which S-sized ink drops S are
¢jected from the nozzles 51. The ink drops S are each formed
of 1nk that 1s ejected as a result of contraction of the pressure
chamber 45a, which i1s caused by the piezoelectric element
45b being displaced once. That 1s, the volume of each of the
ink drops S matches a decrease 1n the volume of the pressure
chamber 45ag that 1s caused by the pressure chamber 45a
being contracted once.

FIG. 8B shows a state in which L-sized ink drops L are
ejected from the nozzles 51 of the second ink head 50. The
dot size of the “second dot group™ 1s the L size. In FIG. 8B,
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the actuators 43 each eject three S-sized ink drops S from the
corresponding nozzle. This 1s realized by the ejection being
performed three times with a very short interval. Therelore,
the three ik drops S land at the same or substantially the
same position although the carriage 25 moves. As a result of
the three 1ink drops S landing at the same or substantially the
same position, an L-sized ink drop L having a volume three
times the volume of an S-sized 1nk drop S 1s formed. In this
manner, the first size controller 106a and the second size
controller 1066 control the actuators 435 to adjust the dot
s1zes of the “first dot group” and the “second dot group™ to
s1zes set by the first size setter 107a and the second size
setter 1075.

As described above, the printer 10 1n the present preferred
embodiment includes the first size controller 106a control-
ling the dot size of the “first dot group”, the second size
controller 1065 controlling the dot size of the “second dot
group’’, the first size setter 107a usable to set the dot size of
the “first dot group”, and the second size setter 1075 usable
to set the dot size of the “second dot group”. Thus, the
printer 10 1n the present preferred embodiment further
improves the degree of freedom in adjusting the image
quality. In the case in which, for example, the dot size of the
“first dot group™ 1s adjusted to be smaller than the dot size
of the “second dot group”, the 1mage mixed in the under-
lying color layer 1s inconspicuous and the printed image
appears to be natural. By contrast, in the case 1n which the
dot size of the “first dot group” 1s adjusted to be larger than
the dot size of the “second dot group”, the 1image mixed in
the underlying color layer appears conspicuous and presents
a stronger visual eflect.

The nterfaces of the first size setter 107a and the second
s1ze setter 1075 do not need to be 1n the form shown 1n FIG.
9. For example, the first size setter 107a and the second size
setter 1070 may allow the color developing level to be
selected from, for example, “clear”, “normal”, “blurred” and
the like. In this case, the dot size corresponding to each color
developing level 1s automatically selected. The above-de-
scribed method for controlling the dot size 1s merely an
example. The method for controlling the dot size 1s not
limited to the above-described method.

Some prelerred embodiments of the present invention
have been described. The above-described preferred
embodiments are merely examples, and the technology
disclosed herein may be implemented and performed 1n any
of various applications.

For example, in the above-described preferred embodi-

ments, the controller 100 preferably includes the ratio setter
105. The controller 100 does not need to include the ratio
setter 105. In the case 1n which the controller 100 does not
include the ratio setter 103, the first printing ratio and the
second printing ratio may be, for example, fixed, automati-
cally calculated, or included in the image data. This 1is
applicable to the first size setter 107a and the second size
setter 1075. The controller 100 does not need to include the
first si1ze setter 107a or the second size setter 1075. In the
case 1n which the controller 100 does not include the first
size setter 107a or the second size setter 1075, the first size
controller 106a and the second size controller 10654, for
example, causes the ik for each of the “first dot group” and
the “second dot group™ to be ¢jected with a predefined dot
size. The dot size of the “first dot group” may be set to be
smaller than the dot size of the “second dot group”. In the
case 1n which the dot size of the “first dot group™ 1s smaller
than the dot size of the “second dot group”, the image mixed
in the underlying color layer can be inconspicuous and the
printed 1mage can appear to be natural. By contrast, the dot
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s1ze of the “first dot group” may be set to be larger than the
dot size of the “second dot group In the case in which the
dot size of the “first dot group’ 1s larger than the dot size of
the “second dot group”, the 1mage mixed in the underlying
color layer appears conspicuous and presents a stronger
visual eflect.

According to the “overlapping printing” 1n the above-
described preferred embodiments, two layers, that 1s, a lower
layer and an upper layer, are printed in an overlapping state.
Alternatively, three or more layers may be formed 1n an
overlapping state. For example, three layers of an underlying
color layer, an 1image layer, and a top coat, may be printed
in an overlapping state. In this case, the top coat may be, for
example, transparent 1nk. In the case in which three or more
layers are printed 1n an overlapping state, three or more dot
groups may be generated of the entirety of the 1nk dots of the
process color 1nk, mstead of only the “first dot group™ and
the “second dot group™.

In the above-described preferred embodiments, prefer-
ably the first ink head 40 and the second 1nk heads 50 each
include a plurality of sub ink heads, and the sub ink heads
are located 1n a staggered arrangement in two lines in the
corresponding 1nk head. The positional arrangement of the
sub 1nk heads in each ink head i1s not limited to the
above-described arrangement. FIG. 10 shows a structure of
a bottom surface of a carrtage 25 having a positional
arrangement of the sub ink heads that 1s different from that
of the carriage 25 1n preferred embodiments 1 through 3. The
technology disclosed herein 1s applicable to, for example, a
printer 10 including the sub ink heads arrayed as shown 1n,
for example, FIG. 10. In FIG. 10, the sub ink heads are

arrayed in one line 1n the feeding direction X 1n each ink
head.

In the preferred embodiment shown in FIG. 10, the first
ink head 40 includes the plurality of sub ink heads 40q

through 40/ arrayed in one line 1n the feeding direction X.
The sub 1nk heads 40a through 40/ each include the plurality
of nozzles 41 arrayed in one line 1n the feeding direction X.
Theretore, the nozzles 41 define a nozzle array 42 extending
in one line 1n the feeding direction X. The nozzle array 42
1s divided 1nto a first upstream nozzle array 42a located on
the upstream side X1 1n the feeding direction X and a first
downstream nozzle array 426 located on the downstream
side X2 1n the feeding direction X. The first upstream nozzle
array 42a 1ncludes the nozzles 41 1n the four sub ink heads
40a, 405, 40¢c and 40d located on the upstream side X1 1n the
teeding direction X. The first downstream nozzle array 4256
includes the nozzles 41 in the four sub ink heads 40e, 407,
40g and 40/ located on the downstream side X2 in the
teeding direction X. The number of the nozzles 41 in the first
upstream nozzle array 42a and the number of the nozzles 41
in the first downstream nozzle array 42b are preterably equal
to each other. The first upstream nozzle array 42a and the
first downstream nozzle array 425 are distinguished as
described above for the purpose of control, and do not have
any structural difference.

In the preferred embodiment shown m FIG. 10, the
plurality of second 1nk heads S0C, 50M, 50Y, 50K, S0LKk,
50Lc¢ and S0Lm each preferably include the plurality of sub
ink heads 50a through 50/ arrayed 1n one line in the feeding
direction X. The sub ink heads 50a through 50/ each include
the plurality of nozzles 51 arrayed in one line in the feeding
direction X. Therefore, 1n each of the ink heads 50C, S0M,
50Y, 50K, 50Lk, 50Lc and 50L.m, the nozzles 51 define a
nozzle array 52 extending 1n one line in the feeding direction
X. The nozzle array 52 1s divided into a second upstream
nozzle array 52a located on the upstream side X1 in the
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teeding direction X and a second downstream nozzle array
52b located on the downstream side X2 in the feeding
direction X. The second upstream nozzle array 52a includes
the nozzles 51 1n the four sub ink heads 50a, 505, 50¢ and
504 located on the upstream side X1 1n the feeding direction
X. The second downstream nozzle array 325 includes the

nozzles 51 in the four sub ink heads 50e, 50f, 50g and 50/
located on the downstream side X2 in the feeding direction
X. The number of the nozzles 51 1n the second upstream
nozzle array 52a and the number of the nozzles 51 in the
second downstream nozzle array 526 are preferably equal or
substantially equal to each other. The second upstream
nozzle array 52a and the second downstream nozzle array
52b are distinguished as described above also for the pur-

pose of control, and do not have any structural differences.
The nozzles 51 1n each of the ink heads 50C, S0M, 50Y,
50K, 50Lk, S0Lc and 3S0Lm are arrayed at positions
matched, 1n the feeding direction X, to the positions of the
nozzles 41 in the ink head 40W 1ncluded 1n the first ink head
40.

The printer 10 1n which the carriage 25 has the structure
of the bottom surface shown in FIG. 10 may continuously
perform the “first overlapping printing” and the *“second
overlapping printing”’. FIG. 11 1s a schematic view showing
positions at which the ink lands 1n the overlapping printing
performed by the printer 10 shown 1n FIG. 10. The printing,
conditions 1 FIG. 11 are the same as those in FIG. 5 and
FIG. 6. FIG. 11 shows the “first overlapping printing”
performed under the conditions that the “first printing layer”
1s formed, as the lower layer, of about 25% of the 1nk dots
of the process color ink and the 1nk dots of the special color
ink and the “second printing layer” 1s formed, as the upper
layer, of the remaining ink dots, that 1s, about 75% of the 1nk
dots of the process color ink. FIG. 11 shows a state at the
same time point as that of FIG. 5. A left portion of FIG. 11
shows a state 1n which all the ink dots that have landed until
the corresponding time point overlap each other. A right
portion of FIG. 11 shows only the ink dots that have landed
only by the current pass. The reference signs and the
symbols used for the ink dots 1n FIG. 11 are the same as
those 1n FIG. 5.

As shown 1n FIG. 11, the white ink 1s ejected from the
nozzles 41 of the first upstream nozzle array 42a toward the
region E2 of the recording medium 5. Concurrently, about
25% of all the amount of the process color ik (first dot
group P1) 1s e¢jected from the nozzles 51 of the second
upstream nozzle array 52a toward the region E2, for
example. At the time point shown in FIG. 11, the “first
printing layer” has been formed 1n the region E2.

The region E1 shown in FIG. 11 1s downstream with
respect to the region E2 of the recording medium 5. That 1s,
the region E1 1s advanced by one pass with respect to the
region E2. As shown 1n the right part of FIG. 11, about 75%
of all the amount of the process color ik (second dot group
P2) 1s ¢jected from the second downstream nozzle array 525
toward the region E1. In the region E1, the “second printing
layer” has been formed over the “first printing layer”. With
this ejection to form the “second printing layer”, the printing
on the region E1 i1s finished. As described above with
reference to FIG. 5 and FIG. 6, the above-described process
1s continued while the recording medium 5 1s sequentially
ted forward (F). Therefore, at the pass next to the time point
shown 1n FIG. 11, the printing on the region E2 1s finished.
In this manner, the “first overlapping printing” is continu-
ously performed even by the printer 10 including the nozzles
located as shown in FIG. 10.
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The process of the “second overlapping printing” 1s
substantially the same as that of the “first overlapping
printing” except for the nozzles from which the 1k 1s
ejected. In the case 1n which the *“second overlapping
printing” 1s selected, the “second printing layer” 1s formed 5
as the lower layer whereas the “first printing layer” 1s formed
as the upper layer. The process color 1ink to form the second
dot group P2 1s ¢jected from the nozzles 51 of the second
upstream nozzle 52a. The “second printing layer” 1s formed
of the 1k dots of the second dot group P2. The process color 10
ink to form the first dot group P1 1s gjected from nozzles 51
of the second downstream nozzle array 52b, and the special
color ik 1s ejected from the nozzles 41 of the first down-
stream nozzle array 425. The “first printing layer” 1s formed
of the ink dots of the special color ink and the ik dots of the 15
first dot group P1. In this manner, the printer 10 including
the nozzles located as shown 1 FIG. 10 may continuously
perform the “second overlapping printing” like the “first
overlapping printing”.

In the case 1n which an odd number of sub ink heads are 20
provided in an ink head and, thus, the sub ink heads are not
equally divided into two, one of the sub 1nk heads may not
be used, for example. The sub 1nk head not to be used may
be the sub 1nk head located at the end on the upstream side
X1, or on the downstream side X2, in the feeding direction 25
X among the sub ink heads included in the ink head.
Alternatively, the nozzles in the sub ink head through which
the border line, equally dividing the nozzle array into two in
the feeding direction X, passes may be divided by the border
line 1nto two, that 1s, into the nozzles (s) on the upstream side 30
X1 and the nozzle(s) on the downstream side X2.

The ink heads in the carriage 25 may be disposed 1n a
different positional arrangement. For example, the first ink
head 40 and the plurality of second ink heads 50 may be
oflset 1n the feeding direction X. In the case in which the first 35
ink head 40 and the second ink heads 50 are completely
oflset 1n the feeding direction X, the plurality of nozzles 1n
cach ink head are not used as being divided into the
upstream nozzles and the downstream nozzles. In this case,
all the nozzles 1n the 1nk head are preferably used. In the case 40
in which the first ink head 40 and the second ink heads 50
are partially offset in the feeding direction X, the number of
the usable nozzles 1s smaller than 1n the case 1n which the ink
heads are completely offset, but the carnage 25 may be made
compact. Alternatively, the first ink head 40 and the second 45
ink heads 50 may be mounted on, and may be movable by,
different carriages. Still alternatively, the printing of the
“first printing layer” and the printing of the “second printing
layer” may be performed as completely different steps.

In the above-described preferred embodiments, the ink 1s 50
preferably ejected by a piezo-driving system of changing the
volume of the pressure chamber 454 by the displacement of
the piezoelectric eclement 45b. Alternatively, a printer
according to a preferred embodiment of the present inven-
tion may use, for example, any of continuous systems such 55
as a binary deflection system, a continuous detlection system
and other suitable systems, or any of on-demand systems
including a thermal system and other suitable systems. There
1s no limitation on the 1k ejection system according to
preferred embodiments of the present invention. 60

In the above-described preferred embodiments, the car-
riage 25 moves 1n the scanning direction Y whereas the
recording medium 5 moves 1n the feeding direction X. A
printer according to a preferred embodiment of the present
invention 1s not limited to such a system. The movement of 65
the carriage 25 and the recording medium 5 are relative, and
cither one of the carriage 25 and the recording medium 3
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may be moved in the scanning direction Y or the feeding
direction X. For example, the recording medium 3 may be
unmovable whereas the carriage 25 may be movable 1n both
of the scanning direction X and the feeding direction X.
Alternatively, both of the carriage 25 and the recording
medium 35 may be movable 1n both of the directions.

The technology disclosed herein i1s applicable to any of
various types ol inkjet printers. The technology disclosed
herein 1s applicable to a roll-to-roll printer 1n which a roll
recording medium 5 1s fed as described i the above-
described preferred embodiments, or to a flat-bed inkjet
printer, for example. The printer 10 1s not limited to a printer
independently usable, and may be a printer that 1s combined
with another device. For example, the printer 10 may be
incorporated into another device.

While preferred embodiments of the present imvention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

The terms and expressions used herein are for description
only and are not to be interpreted 1n a limited sense. These
terms and expressions should be recogmized as not excluding
any equivalents to the elements shown and described herein
and as allowing any modification encompassed in the scope
of the claims. The present invention may be embodied 1n
many various forms. This disclosure should be regarded as
providing preferred embodiments of the principles of the
present invention. These preferred embodiments are pro-
vided with the understanding that they are not intended to
limit the present mvention to the preferred embodiments
described in the specification and/or shown 1n the drawings.
The present invention 1s not limited to the preferred embodi-
ments described herein. The present invention encompasses
any of preferred embodiments including equivalent ele-
ments, modifications, deletions, combinations, i1mprove-
ments and/or alterations which may be recognized by a
person of ordinary skill in the art based on the disclosure.
The elements of each claim should be interpreted broadly
based on the terms used in the claim, and should not be
limited to any of the preferred embodiments described 1n
this specification or used during the prosecution of the
present application.

What 1s claimed 1s:

1. An mkjet printer, comprising:

a first ik head including a plurality of nozzles through
which a first 1nk 1s ejected towards a recording medium
to form 1k dots of the first ink on the recording
medium;

a second ink head including a plurality of nozzles through
which a second ink 1s ejected towards the recording
medium to form 1nk dots of the second ink on the
recording medium;

a moving mechanism to move the first ink head and the
second 1k head, and the recording medium, with
respect to each other; and

a controller connected with the first ink head, the second
ink head and the moving mechanism, to control the first
ink head, the second 1ink head and the moving mecha-
nism;

wherein

the controller includes:

a converter to convert image data of the first ink 1nto the
ink dots of the first ink, and to convert image data of
the second 1nk into the ink dots of the second ink:



US 10,336,094 B2

23

a generator to generate, upon receipt of data on the ink
dots of the second 1nk converted by the converter, a
plurality of dot groups, including at least a first dot
group and a second dot group, of the ink dots of the
second 1nk, the first dot group including at least a
portion of the ink dots of the second ink, and the
second dot group including at least a portion of the
ink dots of the second 1ink;

a first printing controller to form, on the recording
medium, a first printing layer of the ink dots of the
first 1nk and the ink dots of the first dot group; and

a second printing controller to form a second printing
layer of the ik dots of the second dot group, above
or below the first printing layer; and

the generator generates the plurality of dot groups such
that the plurality of dot groups include all the 1nk
dots of the second ink;

the first ink 1s a special color ink; and
the second 1nk 1s a process color ink.

2. The inkjet printer according to claim 1, wherein the
generator generates the plurality of dot groups such that the
plurality of dot groups match the 1nk dots of the second 1nk.

3. The nkjet printer according to claim 1, wherein the
generator generates the plurality of dot groups such that a
portion of, or an entirety of, the ink dots of the second 1nk
overlap 1n the plurality of dot groups.

4. The inkjet printer according to claim 3, wherein the
generator generates the plurality of dot groups such that the
second dot group matches the ik dots of the second ink.

5. The inkjet printer according to claim 1, wherein

the controller includes a ratio setter to set a ratio of 1nk
dots belonging to each of the plurality of dot groups
with respect to the mk dots of the second ink; and

the generator generates the plurality of dot groups such
that the ratio of the ink dots belonging to each of the
plurality of dot groups with respect to the ink dots of
the second ink 1s the same as the ratio set by the ratio
setter.

6. The inkjet printer according to claim 1, wherein the
controller includes a mode selector to select any one of a
plurality of printing modes including a first printing mode of
forming the first printing layer below the second printing
layer and a second printing mode of forming the {first
printing layer above the second printing layer.

7. The nkjet printer according to claim 1, wherein

the second 1nk head includes actuators causing the second
ink to be ¢jected from the nozzles; and

the controller includes:

a first color size controller to control the actuators such
that a dot size of the second ink forming the first dot
group 1s a first size; and

a second size controller to control the actuators such
that a dot size of the second 1nk forming the second
dot group 1s a second size.

8. The nkjet printer according to claim 7, wherein the
controller includes:

a first size setter connected with the first size controller to

allow the first size to be set; and

a second size setter connected with the second size
controller to allow the second size to be set.

9. The 1inkjet printer according to claim 7, wherein the first

size 1s smaller than the second size.

10. The mnkjet printer according to claim 1, wherein the
generator randomly extracts the ink dots belonging to the
first dot group from the 1nk dots of the second 1nk.
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11. The inkjet printer according to claim 6, further com-
prising a user interface that 1s connected to the mode selector
and that enables a user to select the one of a plurality of
printing modes.

12. The mkjet printer according to claim 6, wherein the
plurality of printing modes 1ncludes a third printing mode of
printing only one layer.

13. An mkjet printer comprising:

a first ik head including a plurality of nozzles through
which a first 1k 1s ejected towards a recording medium
to form 1k dots of the first ink on the recording
medium;

a second 1nk head including a plurality of nozzles through
which a second ink 1s ejected towards the recording
medium to form i1nk dots of the second ink on the
recording medium;

a moving mechanism to move the first ink head and the
second ink head, and the recording medium, with
respect to each other; and

a controller connected with the first ink head, the second
ink head and the moving mechanism, to control the first
ink head, the second 1ink head and the moving mecha-
nism;

wherein

the controller includes:

a generator to generate, upon receipt of data on the ink
dots of the second ink, a plurality of dot groups,
including at least a first dot group and a second dot
group, of the ink dots of the second ink;

a first printing controller to form, on the recording
medium, a first printing layer of the 1ink dots of the
first 1nk and the ink dots of the first dot group; and

a second printing controller to form a second printing
layer of the 1ink dots of the second dot group, above
or below the first printing layer; and

the generator generates the plurality of dot groups such
that the plurality of dot groups 1nclude all the 1k dots
of the second ink;

the moving mechanism includes a feeding mechanism to
feed the recording medium:;

the first ink head and the second ink head are located side
by side 1n a scanning direction perpendicular or sub-
stantially perpendicular to a feeding direction i which
the recording medium 1s fed;

the first ink head includes:

a {irst upstream nozzle array including a portion of the
plurality of nozzles arrayed 1n the feeding direction;
and

a first downstream nozzle array including another por-
tion of the plurality of nozzles arrayed in the feeding
direction, the first downstream nozzle array being
located downstream with respect to the first upstream
nozzle array in the feeding direction;

the second 1nk head includes:

a second upstream nozzle array including a portion of
the plurality of nozzles arrayed 1n the feeding direc-
tion; and

a second downstream nozzle array including another
portion of the plurality of nozzles arrayed in the
feeding direction, the second downstream nozzle
array being located downstream with respect to the
second upstream nozzle array in the feeding direc-
tion;

the first printing controller:
in a case 1 which the first printing layer 1s to be formed

below the second printing layer, causes the nozzles
of the first upstream nozzle array to e¢ject the first ink,
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and causes the nozzles of the second upstream nozzle
array to eject the second ink to form the ink dots of
the first dot group, to form the first printing layer;
and

in a case 1 which the first printing layer 1s to be formed 5
above the second printing layer, causes the nozzles
of the first downstream nozzle array to eject the first
ink, and causes the nozzles of the second down-
stream nozzle array to eject the second 1nk to form
the ink dots of the first dot group, to form the first 10
printing layer; and

the second printing controller:

in the case 1 which the first printing layer 1s to be
formed below the second printing layer, causes the
nozzles of the second downstream nozzle array to 15
¢ject the second ink to form the ink dots of the
second dot group, to form the second printing layer;
and

in the case 1in which the first printing layer is to be
formed above the second printing layer, causes the 20
nozzles of the second upstream nozzle array to gject
the second 1nk to form the ink dots of the second dot
group, to form the second printing layer.
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